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ABBTRACT OF THE DI8CL08URB 

A coflununication adapter which is used with a 
pl\irality of game sets for transmitting and receiving 
data related to the game states of the game sets. Each 
game set including a serial interface and a buffer memory 
for temporarily storing transmit/ receive data. The 
adapter including; a housing; a connection terminal for 
each gaune set; data input, data output and clock output 
ports, a clock signal generator, format converter and 
transmit/ receive storage means* The clock signal 
generating means applies the same clock signal used for 
data communication with the game sets to each clock 
output port so that data to be transmitted to each game 
set and data received from each game set is synchronized 
with the clock signal whereby reliable communication is 
obtained with two or more game sets without the use of 
modems. 
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TITLE OF THE INVENTION 

Comiminication Adaptor for Game Set 
BACKGROUND OF THE INVENTION^ 

Field of the Invention 

The present invention relates generally to a 
comtnunicatiop adaptor for a game set, and more 
particularly, to a communication adaptor for a game set 
used for transmitting and receiving data related to a game. 
The game may, for example, involve simultaneous play (e.g., 
doing battle) with a plurality of game sets being connected 
thereto . 

Description of the Prior Art 

In the case of data communication using personal 
computers, communication has been conventionally 
established through a long-distance transmission line and 
exchange. In such a system, a transmission error is liable 
to occur. Consequently, high-cost modems for transmitting 
and receiving data and controlling the error in accordance 
with the transmission control procedure have been used. 

The applicant of the present application has proposed 
as a technique for playing a battle game between two game 
sets by transmitting and receiving data related to the game 
with two portable dot matrix, liquid crystal game sets 
(trade name "GAME BOY") being connected to each other. 

In the technique for establishing data communication 
using modems, data can be transmitted accurately but at 
high cost. Accordingly, it is not suitable for 
transmission of data on a battle game in a game set where 
cost reduction is important. In addition, if an attempt is 
made to reduce the transmission error using error control 
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techniques or the like, significant processing time is 
required. Consequently, the time rec3[uired to perform game 
processing is restricted, which can limit the battle game 
programming and impact the fun of the game. Furthermore, 
in such a system, one modem is connected to each of the 
personal computers, and the modem and the personal computer 
.establish. .one- to-one communication.. Accordingly, it is 
impossible for three or more persons to play the battle 
game . 

On the other hand, in the above-described technique 
for playing a battle game with two portable dot matrix 
liquid crystal game sets being connected to each other, 
data can be transmitted at low cost. In this system, when 
data must be transferred, problems arise during the game. 
For example, if data is sent from one game set to the other 
game set, further data may need to be transferred before 
the next vertical blanking period. However, the previously 
transferred data may no longer be preserved so that data, 
transmission may not, in some cases, be accurately made. 
The reason for this is that the two game sets differ in the 
progress of the game as well as the timing when vertical 
blanking occurs. Furthermore, in this technique, the 
battle game can be only enjoyed between two game sets. 

Accordingly, game play by three persons with game sets 
(for example, mah-jong or a card) cannot be achieved. 

SUMMARY OF THE INVENTION 

Therefore, a primary object of the present invention 
is to provide a new low-cost communication adaptor for a 
game set of simple construction such that a plurality of 
players communicate and enjoy a battle game. 

Briefly stated, the present invention provides a 
communication adaptor for a game set (which corresponds to 
10 in the embodiment) , which is used with a plurality of 
game sets for playing a game for transmitting and receiving 
data related to the game states of the other game sets, 
between a plurality of game sets. Each of the game sets 
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20a to 20d is provided with a first serial interface 26 for 
inputting and outputting game data and a buffer memory 263 
for temporarily storing transmit/receive data. The 
interface ensures that the game sets are appropriately 
connected to one amother. 

The communication adaptor 10 for a game set comprises 
a. housing 11, .. a plurality of second connecting PO^tsjl3a to 
13d, a data input port 181, a data output port 182, a clock 
output port 183, clock signal generating means 14 and 17, 
format converting means 14 and 15, receive data writing 
means 14 and 15, and transmit data supplying means 14 and 
15. 

Each of the second connecting ports is provided for 
the housing arid includes at least a first terminal, a 
second terminal and a third terminal, the second connecting 
port being connected to the first serial interface in each 
of the game sets. The data input port stores bits whose 
number corresponds to the number of a plurality of 
connectors so as to store serial, data input from the 
connectors, the bits stored corresponding to the bits being 
respectively connected to the first terminals included in 
the second connecting ports. The data output port stores 
bits whose number correspond to the number of the plurality 
of second connecting ports, the bits stored corresponding 
to the bits being respectively connected to the second 
terminals included in the second connecting ports. The 
clock output port stores bits whose number corresponds to 
the number of a plurality of connectors such that it can 
generate clock signals required for the connectors to input 
and output a signal, the bits stored corresponding to the 
bits being respectively connected to the third terminals 
included in the second connecting ports. 

The clock signal generating means applies the same 
clock signal used for data communication with the game sets 
to each of the bits in the clock output port in 
synchronization with the transmission/reception timing. 
The transmit/receive data temporary storing means stores 
transmit data on the game to be transmitted to each of the 
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game sets and receives data on the game received from each 
of the game sets in synchronization with the clock signal. 
The format conversion means converts the serially arranged 
receive data received from each of the game sets into bit 
parallel data or converts the bit parallel data to be 
transmitted into serial data. The receive data writing 
-means writes -data Into the- transmit/receive data temporary 
storing means corresponding to the data received in the 
data input port from each of the game sets after being 
converted by the format converting meams in synchronization 
with the clock signal. The transmit data supplying means 
reads out the transmit data stored in the transmit/receive 
data storing means to supply the same to the data output 
port after being converted by the format converting means 
so as to transmit the transmit data stored in the 
transmit/receive data temporary storing means to each of 
the game sets in synchronization with the clock signal . 
That is, the transmit data supplying means outputs the 
transmit data by performing the reverse work operations to 
that performed by the receive data writing means. 

According to the present invention ^ data related to a 
battle game can be reliably transmitted between a 
communication adaptor and a plurality of game sets in a 
simple circuit without using high-cost modems. Further,, 
the number of game sets which can be connected to the 
communication adaptor can be increased. Accordingly, it is 
possible to diversify, for example, the type of battle game 
to which the present invention is applied. 

The foregoing and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjxinction with the 
accompanying drawings. 
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Fig. 1 is a diagram showing the communication adaptor 
for a game set according to one embodiment of the present 
invention; 

Fig. 2 is an illustration of communication adaptor in 

usfe ; . _ _ . 

Fig. 3 is a block diagram showing one embodiment of 

the communication adaptor; 

Fig. 4 is a diagram showing a memory of a RAM 
(transmit /receive data temporary storing means) included in 
the communication adaptor; 

Fig. 5 is a block diagram showing one example of a 
game set connected to the communication adaptor; 

Figs. 6A and 6B are diagrams illustrating a state 
where data communication is established between the 
communication adaptor and the game sets, where Fig. 6A 
shows the various operation modes of the communication 
adaptor, and Fig. SB shows the relationship between each of 
RAM areas storing transmit/receive data and the flow of 
data in the state where data communication is established; 

Figs. 7A to 7F are flowcharts illustrating the 
operations of the communication adaptor, where Fig. 7A 
shows an operation where power is turned on (at the start 
time) , Fig. 7B shows an operation at the time of a timer 
interruption. Fig. 7C shows an operation at the time of a 
connection information mode, Fig. 7D shows an operation at 
the time of a start mode, Fig, 7E shows an operation at the 
time of a data communication mode, and Fig. 7F shows an 
operation at the time of a reset mode; 

Figs. 8A to 8B are flowcharts related to a 
communicating operation on the side of the game set, where 
Fig. 8A shows an operation of a main program, and Fig. SB 
shows an operation at the time of an SIO interruption; and 

Figs. 9A to 12B are illustrations of a data format for 
each operation mode, where Figs. 9A to 9C show a data 
format in a connection information mode, Figs. lOA and lOB 
show a data format in a start mode, Figs. IIA to IIB show a 
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data format in a data communication mode, and Figs. 12A and 
12B show a data format in a reset mode. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a diagram showing a communication adaptor 

_f or_a game .set. (hereinafter_ref erred, to _as- AcjO.mmuni_qat.ion 

adaptor") according to one embodiment of the present 
invention. The adaptor 10 comprises a housing 11 in the 
shape of a polygon having not less than three sides (for 
example, a rectangle or a square in the drawings) . A cord 
with a plug 12 for connecting the communication adaptor 10 
to a certain game set (e.g., see Fig. 2, and note that the 
game set may, in some cases, be illustrated as "DMG" 
because it uses a dot matrix liquid crystal display) 
extends out of the side surface of the housing 11 through a 
connecting terminal 13a. As shown in Figure 2, connectors 
13b to 13d for connecting the communication adaptor 10 to a 
plurality of other game sets 20b to 20d by a cord 12' are 
mounted on the other side surfaces of the housing 11. 
Each of the connecting terminal 13a and the connectors 13b 
to 13d includes, for example, first and second terminals 
for serially transmitting transmit /receive data on one bit 
basis and a third terminal for transmitting a clock signal, 
and includes two terminals, that is, a plus terminal of the 
power supply and a minus terminal thereof such that it is 
supplied with power from any one of the game sets as 
required. 

When a plurality of players are playing, for example, 
a battle game, connection is made as shown in Fig. 2, and 
data required for the battle game in the game sets 20a to 
20d is transmitted to the game sets through the 
communication adaptor 10. Consequently, the communication 
adaptor 10 has a data transmitting and receiving function. 

In Fig. 2, four game sets are connected to the 
communication adaptor 10, assuming a case where a maximum 
of four persons simultaneously play the battle game. The 
connector 13d is not required if the communication adaptor 
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is to be used for a maximum of three persons. In addition, 
if five or more persons are playing the battle game, 
connectors whose number correspond to the number of game 
sets to be connected are added. In this case, the housing 
11 may be of a pentagonal shape or one in an oblong shape 
having one side provided with a plurality of connectors. 
Furthermore, the cord with a plug 12 for the first game set^ 
20a may be connected for the other game sets 20b to 20d in 
place of the connectors. Additionally, since in this 
example, the communication adaptor 10 has no power by 
itself, a cord with a plug through the connecting terminal 
13a for supplying power to the communication adaptor 10 is 
connected to one game set 20a. If power is supplied to the 
communication adaptor 10 by itself, however, a connector 
may be provided in place of the connecting terminal 13a and 
the communication adaptor 10 may be connected to the game 
set 20a using a cord 12' . 

Fig. 3 is a block diagram showing one embodiment of 
the communication adaptor 10, The communication adaptor 10 
comprises a microprocessor (hereinafter referred to as 
"CPU") 14. A read-only memory (hereinafter referred to as 
"ROM") 15 and a random access memory (hereinafter referred 
to as "RAM") 16 are connected to the CPU 14 through a data 
bus and an address bus. The ROM 15 stores program data for 
performing the operations defined by the flow charts shown 
in Figs. 7A to 7F as described later. 

The RAM 16 is used as an input/output buffer or a 
transmission/reception buffer for temporary storing 
input/output data. More specifically, the RAM 16 comprises 
a transmission buffer region 161, a reception buffer region 
162, a register region 163, and a flag region 164, as shown 
in Fig. 4. The transmission buffer region 161 stores 
respective 1-byte data on the game in the game sets 20a to 
20d by four bytes (four bytes to be transmitted during a 
period of eight clock signals from terminals corresponding 
to respective bits in an output port 182) for each game set 
and has a storage capacity of at least 4 x 4 « 16 bytes. 
Similarly, the reception buffer region 162 stores 
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respective 1-byte data on the game in the game sets 20a to 
20d by four bytes (four bytes received during a period of 
eight clock signals to terminals corresponding to 
respective bits in an input port 181) for each game set and 
has a storage capacity of at least 4 x 4 = 16 bytes. The 
register region 163 comprises, for example, a register I63s 
for_. temporarily .storing communication cycle_data _(S) a 
register 163t for temporarily storing data (T) for 
controlling one byte and one-byte intervals, and a register 
I63n for temporarily storing the number of data (n) . The 
flag region 164 comprises a timer interruption flag, a mode 
flag and the like. 

Furthermore, a clock oscillator 17, the input port 
181, the output port 182, and a clock output port 183 are 
connected to the CPU 14. The clock oscillator 17 generates 
a reference clock signal having a frequency correlated with 
a machine cycle of the CPU 14 to apply the same to the CPU 
14 . The CPU 14 operates in a cycle based on the reference 
clock signal, and generates one pulse of a clock signal for 
synchronization of the transmission/reception timing to 
apply the same to the connecting terminal 13a and the 
connector 13b to 13d corresponding to the game sets 20a to 
20d every time it outputs 1-bit transmit data or receives 
receive data. Consequently, the clock oscillator 17 and 
the CPU 14 constitute an exemplary clock signal generating 
means . 

The input port 181 has portions for storing four bits 
respectively corresponding to the game sets 20a to 20d (for 
example, the storing portions of the input port may be 
flip-flops) . The input port 181 temporarily stores in the 
storing portions data transmitted serially by bit from the 
game sets 20a to 20d through the respective first terminals 
(not shown) of the connecting terminal 13a and the 
connectors 13b to 13d. Similarly, the output port 182 has 
portions for storing four bits and, temporarily stores in 
the storing portions data to be transmitted serially by bit 
to the game sets 20a to 20d, and transmits the data to the 
game sets 20a to 20d serially by bit through the respective 
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second terminals (not shown) of the connecting terminal 13a 
and the connectors 13b to 13d. The clock output port 183 
has portions for storing four bits, and alternately stores 
in the storing portions logic "1" and logic "0" in 
synchronization with the transmission/reception cycle of 1- 
bit data to supply a clock signal synchronized with the 
transmission/reception timing to the game sets 20a to 20d 
through the respective third terminals (not shown) of the 
connecting terminal 13a and the connectors 13b to 13d. 

Furthermore, a timer 19 constituted by a hardware 
circuit (hereinafter referred to as "hardware timer") 19 
capable of presetting its set time for determining a 
communication cycle. The CPU 14 also has a software timer . 
function so as to determined one-byte intervals (time T) by 
program processing. 

Fig. 5 is a block diagram showing each of the game 
sets connected to the communication adaptor. Each of the 
game sets 20a to 20d comprises a liquid crystal display 
(LCD) 21, a display driving circuit 22, a display control 
circuit 23, an operator control portion 24, a connector 25, 
and a communication control circuit 26, An external memory 
cartridge 3 0 storing various program data for game control, 
display control and communication control is detachably 
connected to the connector 25 in each of the game sets 20a 
to 20d. 

The liquid crystal display 21 is of, for example, a 
dot matrix type and is driven by a segment driver 221 and a 
common driver 222 included in the display driving circuit 
22. The display control circuit 23 comprises a CPU core 
231, and input/output port 232, a direct memory access 
(DMA) controller 233, a line buffer 234, an LCD controller 
235, an LCD drive signal buffer 236, a display RAM 237, and 
a RAM interface 238. The details of the circuits and their 
interrelationship are described in Japanese Patent 
Publication No. 4453/1989 (Japanese Patent Laid-Open 
Gazette No. 210562/1990) and U.S. application Serial No. 
07/462,491, now U.S. Patent No. 5,095,798 issued on 
March 17, 1992, which are related to. the application of the 
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present applicant and are hereby incorporated by reference 
herein . 

The communication control circuit 26 comprises a shift 
register 261, an interrupt condition detecting circuit 262, 
and a transmission and reception buffer RAM 263. The shift 
register 261 performs a shifting operation in response to a 

clock signal _(SCK) from the conmi\JLnication adaptor, 10, and 

serves to load 1-byte transmit /receive data in parallel and 
convert the transmit/receive data into bit serial data to 
output the same under the control of the CPU core 231 or to 
convert the input serial data into parallel data while 
shifting the serial data to apply the same to the CPU core 
231. The interrupt condition detecting circuit 262 
generates an interrupt signal every time eight clock 
signals (SCK) are applied (that is, 1-byte data is 
transmitted and received) , to apply the same to the CPU 
core 231. The transmission/reception buffer RAM 263 
comprises a reception buffer region and a transmission 
buffer region. The reception buffer region and the 
transmission buffer region respectively comprise bytes 
whose number corresponds to the number of the game sets 
connected to the communication adaptor 10 (for example, 
four bytes) . In addition, a connector 27 is provided in 
relation to the communication control circuit 26, and 
terminals of the connector 27 are respectively connected to 
the most significant bit, the least significant bit, and a 
clock signal (SCK) line of the shift register 261. 

Figs. 6A and 6B are diagrams illustrating the state 
where data communication is established between the 
communication adaptor and the game sets, where Fig. 6A 
shows operation modes of the communication adaptor, and 
Fig. 6B shows the relationship between each of the RAM 
areas for storing transmit/receive data and the flow of 
data in the state where data communication is established. 

A single transmission results in each of the game sets 
only receiving data regarding one game set. Accordingly, 
communication must be repeated four times so as to exchange 
data of one byte on each of the four game sets between the 
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game sets. Each of the game sets transmits data of one 
byte, while receiving data of four bytes. Transmission and 
reception are simultaneously made. Accordingly, each of 
the respective game sets transmits actual data of one byte 
and dummy data {in which eight bits are all zero) of three 
bytes, to obtain data on. the four game sets. 

In Fig.. 6B, parts ..corresponding to the first byte,, the 
second byte, the third byte, and the fourth byte in the 
flow of the transmit /receive data axe respectively 
indicated by a thick line, a thin line, a dotted line, and 
a one -dot and dash line. 

The operation modes will be schematically described 
with reference to Fig. 6A. when power is turned on, that 
is, the cord with a plug 12 is connected to the connector 
27 in the game set 20a, the CPU 14 in the communication 
adaptor 10 executes a connection information mode routine 
(which will be described in detail with reference to Fig. 
7C and Figs. 9A to 9C as described later) so as to confirm 
the connecting state. When any one of the game sets 20a to 
20d is connected to the communication adaptor 10 and the 
game is started, the CPU 14 executes a start mode routine 
(which will be described in detail with reference to Fig. 
7D and Figs. lOA and lOB as described later) . During a 
period of the game, the CPU 14 . executes a data 
communication mode routine (which will be described in 
detail with reference to Fig. 7E and Fig. IIA and IIB as 
described later) . In addition, when it is desired to reset 
the game set during the game, for example, when it is 
desired to play the game again from the beginning without 
turning off power, the CPU 14 executes a reset mode routine 
(which will be described in detail with reference to Fig. 
7F and Figs, 12A and 12B as described later) . 

Referring to Fig. 6B, transmit data representing the 
game state required, for example, for the battle game is 
stored in the first byte in an area corresponding to each 
of the game sets 20a to 20d in the RAM (transmission buffer 
region) 263. 
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Transmit data of one byte for each of the game sets 
20a to 20d is bit serial data arranged in the order from BO 
to El, and corresponding bit data for the game sets 20a to 
20d are respectively transmitted through the first 
terminals of the connecting terminal 13a and the connectors 
13b to 13d in parallel by four bits. This operation is 

-perf ormed -eight— timesT thereby- to -transmit -1— byte- data-.- 

This data is read by the CPU 14, and is formats converted 
into data of one byte comprising eight bits by the CPU 14 
based on a program stored in the ROM 15, to be written into 
a corresponding area in the reception buffer region 162, 

This operation is repeated until transmit data of four 
bytes are transmitted. 

However, data in the second to fourth bytes are dummy 
data in which eight bits are all zero, for example, when 
data in communication established once is only one byte. 
The foregoing is one cycle of communication. 

Such a series of operations will be described in more 
detail. First, transmit data of only one byte are 
respectively sent from the game sets 20a to 20d to the 
first terminals of the connecting terminal 13a and the 
connectors 13b to 13d. Each of the transmit data is 
transmitted one bit at a time from its least significant 
bit. Since four game sets are connected to a communication 
adaptor in the present embodiment, transmit data of a total 
of four bits are input. The transmit data of four bits are 
input once through the first terminals of the terminal 13a 
and the connectors 13b to 13d in storing portions, e.g., 
flip-flops, directly connected to the connecting terminal 
and the connectors. That is, only the respective least 
significant bits of data on the four game set are input as 
a collection of four bits in the storing portions. 
Thereafter, the respective one bits are format -converted 
into parallel data, and are further stored again in the 
receive data temporary storing means. When this task is 
terminated, the respective second least significant bits 
are transmitted from the game sets in the same manner as 
the previous process. The bits are input as a collection 
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of four bits, and the respective one bits are format - 
converted into parallel data and then, are stored again in 
the receive data temporary storing means in the same manner 
as the previous process. This process is repeated eight 
times, to constitute one cycle of communication. As a 
result, 8 -bit (1-byte) data is transmitted from each of the 
game sets, and 1 -byte data sent from each of _the game sets 
is stored as parallel data in the receive data temporary 
storing means. 

Thereafter, the receive data in the reception buffer 
region 162 are transmitted or written by the CPU 14 into 
receptive addresses in areas for the game sets 20a to 2 0d 
in the transmission buffer region 161. At this time, data 
representing the state of the battle game of the four game 
sets 20a to 20d is required in each of the game sets.* 
Accordingly, in order to transmit the received data on the 
four game sets to the four game sets by the transmission of 
the 4 -byte data, the CPU 14 respectively writes data for 
20a, data for 20b, data for 20c, and data for 20d into the 
first byte, the second byte, the third byte and the fourth 
byte in areas corresponding to the game sets 20a to 20d in 
the transmission buffer region 161. Since the same data 
must be transmitted to the four game sets, the same data 
are respectively stored into the areas corresponding to the 
game sets 20a to 20d in the transmission buffer region 161. 

Thereafter, data in each of the first to fourth bytes 
in an area corresponding to each of the game sets in the 
transmission buffer region 161 is transmitted to each of 
the games sets 20a to 20d serially (that is, in the order 
of BO, Bl, B7, ... in the first byte for the game sets 

20a to 20d, and BO, Bl, . . .87, ... in the fourth byte 

for the game sets 20a to 20d) in the order from the first 
to the fourth bytes. The data thus received is stored in 
the reception buffer region 162 in the 

transmission/reception buffer RAM 263 on the side of each 
of the game sets 20a to 20d. 

Figs. 7A to 7F are flow charts for explaining 
operations of the comrnxxnicat ion adaptor, where Fig. 7A 
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shows an operation where power is turned on, Fig- 7B shows 
an operation at the time of a timer interruption. Fig.. 7C 
shows an operation at the time of a connection information 
mode. Fig. 7D shows an operation at the time of a start 
mode, Fig. 7E shows an operation at the time of a data 
communication mode, and Fig. 7F shows an operation at the 
"ti^e~of a reset mode. 

Figs. 8A to 8B are flow charts for explaining the 
communicating operation of the game set, where Fig. 8A 
shows a main program operation, and Fig. 8B shows an 
operation at the time of an SIO interruption. 

Fig. 9A to 123 are illustrations of a data format for 
each mode. Figs.* 9A to 9C show a format in a connection 
information mode, Figs. lOA and lOB show a format in a 
start mode Figs. IIA to IIB show a format in a data 
communication mode, and Figs. 12A and 12B show a format in 
a reset mode. 

Description is now made of operations performed when 
data communication is established between the communication 
adaptor and the game sets for each mode . 

(1) Power on processing and timer interruption 
processing: 

When the plug of the cord 12 is inserted into the game 
set 20a so that a power switch (not shown) of the game set 
20a is turned on, power is supplied to the communication 
adaptor 10. Correspondingly, the CPU 14 starts an 
operation performed when power is turned on as shown in 
Fig. 7A. That is, in the step (abbreviated as "S" in the 
drawings) 1, a communication cycle (S) time is set in the 
hardware timer 19. In the subsequent step 2, a timer 
interruption flag is set. In the step 3, zero is set in a 
mode flag. In the step 4, the CPU 14 waits until a timer 
interruption occurs. 

(2) Connection information mode: 

If a timer interruption occurs while the CPU 14 waits 
in the step 4, the program proceeds to timer interruption 
processing shown in Fig, 7B. That is, it is determined in 
step 5 whether or not the mode flag is zero. Since the 
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mode flag is zero immediately after power is turned on, a 
connection information mode routine is executed in the step 
10 (see Fig. 7C) . The processing in this connection 
information mode is performed for the purpose of 
transmitting and receiving data between only the game sets 
requiring transmission and reception by knowing which of 
the connecting- terminal -13a and the. connectors 13b tp__13d 
is connected to each of the game sets 20a to 20d. 

More specifically, in the step 11, connection 
information data to be transmitted to each of the game sets 
20a to 20d as shown in Fig. 9A is set in the transmission 
(output) buffer region 161. A combination which 
corresponds to three bits of data for determining which of 
the connecting terminal l3a and the connectors 20b to 20d 
is connected to each of the game sets 20a to 20d and data 
for determining which of the connecting terminal and the 
connectors is connected to the game set at the present time 
is added behind a head end code (a code indicating the head 
end of data; FE in hexadecimal notation: which is marked 
with a $ sign in front of data in hexadecimal notation in 
the drawings) (the same data is sent three times) . In this 
1-byte data, high order digits in hexadecimal notation, 
that is, high order four bits D4 to D7 correspond to the 
game sets 20a to 20d, and each of the game sets is 
connected to the communication adaptor 10 when each of the 
bits is "1" while not being connected to the communication 
adaptor 10 when it is "0". Low order digits in hexadecimal 
notation, that is, low order four bits designate the *game 
sets 20a to 20d using binary numbers. 

In the step 12, connection information data (see Fig. 
9c) set to four bytes in the area corresponding to the game 
set 20a in the transmission buffer region 161 is first 
format -converted, to be applied to the connector 27 in each 
of the game sets through the output port 183 and the 
connecting terminal 13a serially by bit. At this time, the 
CPU 14 generates one clock signal (SCK) for synchronization 
of the transmission/reception timing every time it 
transmits 1-bit data, to apply the same to each of the 
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Storing portions in the clock output port 182, 
Correspondingly, the clock signal is applied to the 
connector 27 in the game set 20a through the connecting 
terminal 13a. Consequently, data in the shift register 261 
in the game set 20a is shifted one bit, and the interrupt 
condition detecting circuit 262 is incremented by one. 
When this operation is performed eight times- (by one byte) , 
the interrupt condition detecting circuit 262 generates an 
interrupt signal in response to the detection of eight 
clock signals, to apply the same to the CPU core 231. 
Correspondingly, the game set connected performs processing 
shovm in Fig. 8B, the details of which will be described 
later. 

In the above -described manner, when the transmission 
of the 4 -byte connection information data to be transmitted 
to the game set 20a is terminated, connection information 
data are sequentially transmitted to the other game sets 
20b to 20d in the same manner and then, the program 
proceeds to the next step 13 . 

In the step 13,. each of the game sets 20a to 20d 
transmits to the communication adapter 10 4 -byte data 
comprising a connection recognition code ($88) of two 
bytes, a connect time code (a code designating time T at 
one-byte intervals for communication) and a communication 
cycle {time required to terminate communication once) S, a 
code designating the number of bytes of data to be 
transmitted by each of the game sets in communication 
established once (any one of 1 to 4 which is the same in 
all the game sets) so as to inform that one's own is 
connected in response to the reception of the connection 
information data (see Fig. 9B) . When the input port 181 
receives the data, the CPU 14 format -converts the receive 
data and writes the same into the area corresponding to the 
game set 20a in the reception buffer region 162, thereby to 
store the receive data (step 14) . 

It is determined in the subsequent step 15 whether or 
not the transition to the start mode is to be made. If 
start mode is not initiated, communication cycle data (S) 
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and communication time data (T) are set in the register 
region 163 in the step 16 and then, the program is returned 
to the normal operation step {the step 4) , 

If there is a start request code (for example, $AA; 
see Fig- lOA) , after a timer interruption operation is 
repeated several times, it is determined in the above 
described step_l5 that the transition to the start mode is 
to be made, so that 1 is set in the mode flag in the 
subsequent step 17. 

(3) Start mode 

When a timer interruption occurs while the CPU 14 
waits in the above described step 4, if it is determined in 
step 5 that the mode flag is not zero, the program proceeds 
to the step 6. If it is determined in step 6 that the mode 
flag is 1, the program proceeds to a start mode subroutine 
(the step 20) . 

In the start mode, the communication cycle data S is 
set in the hardware time 19 as a predetermined constant of 
the hardware timer in the step 21, as shown in Fig. 7D. In 
the subsequent step 22, the communication time data T is 
set as a predetermined constant of a software timer. In 
addition, the constant S of the hardware timer 19 and the 
constant T of the software timer are selected to be S > T * 
n when n is taken as the number of times of communication 
(where n is any one of 4, 8, 12 and 16). The reason for 
this is that a communication cycle time (time elapsed until 
communication is terminated n times) is determined by the 
constant (S) of the hardware timer, and time required to 
establish communication once is determined by the constant 
(T) of the software timer. More specifically, assuming 
that the time (T) required to establish communication once 
is 1 ms, n is any one of 4, 8, 12 and 16. Accordingly, the 
value of S is necessarily not less than 4, 8, 12 or 16 with 
respect to n. Unless the value is thus set, the 
communication cycle is terminated before communication is 
terminated a required number of times, so that the game 
sets determine that communication is terminated before the 
communication is entirely terminated, resulting in 
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asynchronizaton between the game sets and the conununication 
adaptor . 

In the step 25, data indicative of the number of times 
of communication (n) is set in the register. In the 
subsequent step 26, 2 is set in the mode flag, to specify 
the execution of the data communication mode. In step 27, 
start codes (for example, $GG- codes of four bytes) shown in 
Fig. lOB are transmitted. Thereafter, the program is 
returned to the step 4 . 

(4) Data communication mode 

If a timer interruption occurs while the CPU 14 waits 
in the above-described step 4 and if it is determined in 
step 5 that the mode flag is not zero, and if it is 
determined in step 6 that the mode flag is not 1, the 
program proceeds to step 7. If it is determined in step 7 
that the mode flag is 2, the program proceeds to a data 
communication mode subroutine (the step 30) . 

In the data communication mode, transmit data (see 
Fig. IIB) related/ for example, to the battle game in the 
transmission buffer region 161 is transmitted and at the 
same time, a clock signal is output every time 1-bit data 
is transmitted in the step 31, as shown in Fig. 7E, in the 
same manner as that in the above described step 12 in the 
connection information mode. In this data communication, 
the order of transmission is changed as shown in Fig. IIB 
depending whether the data to be transmitted is one to four 
bytes long. 

In. the next step 32, each of the game sets 20a to 20d 
transmits data shown in Fig. IIA to the communication 
adaptor 10 in response to the reception of the data related 
to the game. In this case, each of the game sets adds 
dummy data having no meaning behind the data related to the 
game to adapt the number of bytes of the transmit data to a 
predetermined type. However, the type differs depending on 
whether the data is one to four bytes long. In response 
thereto, the CPU 14 in the communication adaptor 10 
receives the transmit data from the game set . 
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In the step 33, the CPU 14 converts the receive data 
into a format writable into the RAM 16 and then, stores the 
same in the reception buffer region 162 as shown in Fig. 
6B. 

It is determined in the subsequent step 34 whether or 
not the transition to the reset mode is to be made. If 
not, the data in the reception buffer region 162 is 
inversely format -converted to be written into the 
transmission buffer region 161 in the step 3 5 and then, the 
program is returned. The data written into the 
transmission buffer region 161 is transmitted to each of 
the game sets in the next timer interruption timing in 
repeating the above -described step 31 again. 

When a player using any one of the game sets operates 
a reset switch (not shown) so that a reset request code 
(for example, $FF; see Fig. 12 A) is transmitted, it is 
determined in the above described step 34 that the reset 
request code is transmitted, so that the program proceeds 
to the step 36. In step 36, 3 is set in the mode flag and 
then, the program is returned. 

(5) Reset mode 

If a timer interruption occurs again while the CPU 14 
waits in the above described step 4, the program proceeds 
to timer interruption processing. At this time, when it is 
determined in step 7 that the mode flag is not 2, after the 
steps 5 and 6, the program proceeds to the reset mode in 
the step 40. 

In the reset mode, the CPU 14 transmits a reset code 
($FF) as shown in Fig. 12B to each of the game sets 20a to 
20d in the step 41 (see Fig. 7F) . Subsequently, zero is 
set in the mode flag in the step 42 and then, the program 
is returned. Consequently, when a reset request occurs, 
the program is resumed from the above described connection 
information mode in the timer interruption processing. 

(6) Operation on the side of game sets 

Although the operation of each of the game sets 20a to 
20d was briefly described in relation to the description of 
the operations of the communication adaptor 10, the details 
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of the game set operation related to communication will be 
described with reference to. Figs, 8A and 8B. 

Each of the game sets 20a to 20d generally executes a 
main program shown in Fig. 8A. More specifically, in the 
step 51, the game set reads data representing a state where 
a key included in the operation portion 24 is operated (key 
input state). -In the subsequent step 52, the CPU core 231 
performs game processing on the basis of program data in a 
ROM included in the external memory cartridge 30. 
Presuming, for example, that the program data is for the 
battle game, data for the battle game must be transmitted 
and received to and from the other game sets through the 
communication adaptor 10 so that the game state of the 
other players is known. Therefore, the CPU core 231 writes 
its own transmit data into the transmission buffer region 
161. Thereafter, it is determined in the step 53 whether 
or not communication in one cycle is terminated. If it is 
determined that the communication is not terminated, the 
CPU core 231 waits until the termination of the 
communication is detected. If a communication interruption 
occurs from the communication adaptor 10 in this state, the 
program proceeds to communication interruption processing 
shown in Fig. 8B. 

In the communication interruption processing, it is 
determined in step 61 whether or not the contents of the 
mode register are 1- The program proceeds to step 62 if 
the contents of the mode register are not 1, while 
proceeding to step 64 if the contents of the mode register 
are 1. It is determined in step 62 whether or not the 
reset code ($FF) is stored in the reception buffer region 
162- If there is no reset code, the program proceeds to 
•step 64. On the other hand, if the reset code is stored, 
the register storing the number of times of communication 
(hereinafter referred to as communication number register) 
is reset (the value of n is set to zero) in step 63 and 
then, the program proceeds to step 64. 

In step 64, reiceive data is written into the 
transmission buffer region 161 in the 
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transmission/reception buffer RAM 263 or transmit data to 
be transmitted to the communication adaptor 10 is written 
into the reception buffer region 162 therein. In the 
stibsequent step 65, 1 is added to the contents of the 
communication number register. Thereafter, it is 
determined in step 66 whether or not the contents of the 
cotranimication number, register _coincide_with^t^ of 
times of communication (n) applied from the communication 
adaptor 10. If both do not coincide, data on the number of 
times of communication is stored in s^ep 67, and a code 
instructing waiting for reception to the CPU core 231 ($80) 
is written into the register in step 68 and then, the 
program is returned to step 53 . 

When a communication interruption occurs while the CPU 
core 231 waits in step 53 so that the communicating 
operation is performed a designated number of times while 
the operation in steps 61 to 68 is repeated, and if it is 
determined in step 66 that both coincide with each other, 
so that the program proceeds to step 69. In the step 69, 
zero is set in the communication number register, thereby 
to raise a communication termination flag to indicate that 
communication in one cycle is terminated. Subsequently, 
when step 68 is carried out, the program is returned to 
step 53, it is determined that communication in one cycle 
is terminated, so that the program is returned to step 51. 
Steps 51 and 52 are repeated for each communication in one 
cycle . 

Although description was made , of a case where four 
game sets are connected to the communication adaptor, it is 
needless to say that data is not transmitted and received 
to and from the game set which is not connected to the 
communication adaptor because transmit data is not written 
into a buffer area corresponding to the game set. 

Although description was made of a case where the 
present invention is applied to a portable game set, the 
present invention is not limited thereto. For example, the 
present invention is applicable to a home television game 
set and the like. 
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Although the present invention has been described and 
illustrated in detail, it should be understood that the 
same is by way of illustration and example only and is not 
to be taken to be a limitation on the present invention. 
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THE EKBODZMEMTS OF TRB ZNVEMTXOM ZM WHZCB BZCL08ZyB 
PROPERTY OF PRZVZLB6B IS CXAZMED KRE WSFIMED A8 FOLLOWS: 

1. A communication adaptor for iise with a plurality of 
game sets each provided with a first connecting means for 
inputting and outputting data on the state of a game and 
each game set including a buffer memory for temporarily 
storing transmit/ receive game state data of the game 
states of the other game sets connected thereto, and for 
transmitting and receiving game state data to and from 
the plurality of game sets, said communication adaptor 
comprising: 
a housing; 

a plurality of second connecting means provided for 
said housing and each including at least a 
first teirminal, a second terminal and a third 
terminal, each second connecting means 
including at least a said first, second and 
third terminal being connected to an associated 
first connecting means in one of the plurality 
of game sets; 

a data input port connected to the first terminals for 
storing bits whose number correspond to the number 
of said plxurality of second connecting means, the 
bits being stored corresponding to the bits received 
from the first terminals included in the second 
connecting means, said bits being related to the 
game states of the game sets; 

a data output port connected to the second terminals for 
storing bits whose number correspond to the number 
of said plurality of second connecting means, the 
bits being stored corresponding to the bits to be 
transmitted to the second terminals included in the 
second connecting means; 

a clock output port connected to the third terminals for 
storing bits whose number correspond to the number 
of said plurality of second connecting means, the 
bits being stored corresponding to the bits 
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connected to the third terminals Included in the 
second connecting means, 

clock signal generating means for applying the same clock 
signal used for data communication with said game 
_ sets to said clock output port; 

transmit/ receive data temporary storing means for storing 
transmit game state data on the game to be 
transmitted to each of said game sets and receive 
game state data on the game received from each of 
the game sets in synchronization with said clock 
signal ; 

format converting means for converting bit serial data 
received from each of said game sets into bit 
parallel data and for converting bit parallel data 
to be transmitted into bit serial data; 

receive data writing means for writing into said 

transmit/ receive data temporary storing means 
corresponding data out of said data input port which 
are received from each of said game sets and after 
being format-converted by said format converting 
means in synchronization with said clock signal; and 

transmit data supplying means for reading out the 
transmit game state data stored in the 
transmit/ receive data temporary storing means to 
supply the same to said data output port after being 
converted by said format converting means so as to 
transmit the transmit data stored in said 
transmit/ receive data temporary storing means to 
each of said game sets in synchronization with said 
clock signal. 

2« The communication adaptor for a game set according 
to claim 1, wherein: 

said transmit/ receive data temporary storing means 
comprises a transmission buffer region and a 
reception buffer region. 
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said reception buffer region including buffer areas 

respectively corresponding to said plurality of game 
sets, each of the buffer areas having a location 
storing the transmitted game state data from one 

_ game set and locations storing dummy data 
corresponding to the other game sets. 

3. The communication adaptor according to claim 2, 
wherein said transmission buffer region includes buffer 
areas respectively corresponding to said plurality of 
game sets, each of the buffer areas being divided into 
locations storing transmit geune state data for the 
respective game sets. 

4. A communication adaptor for use with a plurality of 
gaming devices, each gaming device having a game central 
processing means for executing a game program and for 
generating data indicative of a predetermined game state, 
said adaptor being connected to said plural gaming 
devices for communicating said predetermined game state 
data of each gaming device among said plurality of gaming 
devices, said adaptor comprising: 

a housing having a plurality of external connector ports, 
each port being coupled to an associated one of said 
gaming devices; 

a random access memory partitioned into transmit/receive 
buffer areas for storing transmission and reception 
gaune state data for each of said plurality of gaming 
devices ; 

input/output means coupled to said plurality of external 
connector ports for receiving serial game state data 
therefrom and transmitting serial game state data 
thereto; 

adaptor processing means coupled to said input/output 

means for processing serial game state data received 
from said plurality of gaming devices and for 
writing said processed data in parallel into said 
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random access memory and including means for reading 
game state data out of said random access memory and 
converting said data for serial transmission to a 
plurality of said gaming devices. 

5. A communication adaptor according to claim 4, 
wherein said gaming devices are hand held devices, each 
having a dot matrix liquid crystal display. 

6. A commiinication adaptor according to claim 4, 
further including a program memory coupled to said 
adaptor processing means and a hardware timer coupled to 
said adaptor processing means. 

7. A communication adaptor according to claim 4, 
wherein said input/output means includes an input port 
having means for storing serial game state data received 
from said plurality of game devices and an output port 
having means for storing serial game state data to be 
transmitted to a plurality of game devices. 

8. A communication adaptor according to claim 4, 
wherein each of said plxirality of external connector 
ports includes a first terminal for receiving input 
serial gsune state data from the gaming devices, a second 
terminal for transmitting output serial game state data 
to the gaming devices and a third terminal for receiving 
a clock signal from said adaptor processing means. 
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